specificity. T.b. brucei causes "nagana" in cattle but is not pathogenic in humans because this subspecies is lyzed by haptoglobin-related proteins associated with a subfraction of high-density lipoproteins (HDL) in human serum (reviewed in Tomlinson and Raper, 1998 . Thus, while in the ETat 1 mans is due to its resistance to a lytic factor present strain resistance is linked to antigenic variation it does in human serum. In the ETat 1 strain this character not depend on the VSG. This phenomenon may be rewas associated with antigenic variation, since expression of the ETat 1.10 variant surface glycoprotein was lated to the structure of the transcription unit of the VSG. and Nolan, 1998). These properties provide a possible explanation for the antigenic variation-linked resistance Introduction to NHS in T.b. rhodesiense, in which the gene responsible for resistance would be an ESAG only present in Trypanosoma brucei is the paradigmatic species of Afrisome ESs, namely the ETat 1.10 ES in the ETat 1 strain. can trypanosomes, protozoan flagellate parasites transSwitching to this site would confer resistance, which mitted by tsetse flies. These organisms are particularly could be conserved in clones derived from ETat 1.10 well studied for their spectacular mechanism of antiprovided antigenic variation does not result from a genic variation, a process by which the major surface switch of ES but is performed by gene conversion only antigen, the variant surface glycoprotein (VSG), is conreplacing the VSG gene by another in the same ES. tinuously changed to escape the immune defenses of In the ETat 1 strain, differential cDNA screening bethe mammalian host (Cross, 1978 to confer resistance to NHS when transfected into T.b.
brucei. Therefore, the antigenic variation-linked expression of SRA appears to underly resistance to human serum in at least some strains of T.b. rhodesiense.
Results

Antigenic Variation-Linked Switching from Sensitivity to Resistance in ETat 1
In the ETat 1 strain of T.b. rhodesiense, the selection of R clones systematically resulted in the expression of the ETat 1.10 VSG, and counter-selection was necessary in order to generate R clones expressing different VSGs (Van Meirvenne et al., 1976) . The genetic events underlying these phenomena were studied in cloned variants whose pedigree is shown in Figure 1 . An ETat 1.2S clone was derived from the initial stabilate (2BS) and compared with two other clones expressing the same VSG, respectively, in R form derived from ETat 1.10R and in S form derived from the R form (2CR and 2CS). Additional clones in R and S forms were included in this study, 
1.10R-2CR-2CS Clone Derivation
In the ES maps, the flag represents the active transcription promoter, The ETat 1.10R, 1.2CR, and 1.2CS VSG cDNAs were the boxes represent genes, and the terminal vertical bar depicts the cloned to generate hybridization probes. The ETat 1.2CR chromosome end. and 1.2CS cDNAs were found to be identical. In the ETat 1.2BS clone, the ETat 1.10 probe hybridized with three DNA fragments (Figure 2A, first The SRA Gene Is Contained in the ETat 1.10 ES As shown in Figure 4A , the SRA probe hybridized with chromosomal DNA analysis. The ETat 1.10 probe hybridized to several chromosomes, one of which (approxiseveral genomic fragments, the largest of which exhibited the characteristics of telomeric DNA, including exmately 1.6 Mb) contained the copy lost in 2CR and thus harbored the active ETat 1.10 ES ( Figure 2C . After 2 days of in vitro cultivation in the presence of 5% NHS, both control and SRA transformants were was evaluated by targeting of this gene into the ribosomal locus of T.b. brucei procyclic forms by homoloinjected into mice. Even small inoculates equivalent to 1,000 parasites from the SRA transformants led to infecgous recombination. The AnTat 1 strain was chosen because it was never found resistant to NHS despite tion that was clearly detectable after 4 days, whereas an inoculate from the control corresponding to 100,000 intense studies in different laboratories, and it does not contain SRA (data not shown). The insect-specific proparasites at the beginning of the in vitro incubation did not lead to infection even 2 weeks after injection. The cyclic forms were used because they are very easy to transfect, as opposed to pleomorphic bloodstream transformants were also treated with undiluted NHS as described by Van Meirvenne et al. (1976) . Under these forms. The plasmid construct used for transfection contained a gene encoding resistance to hygromycin to conditions the same differential lysis between the control and SRA transformant was observed, except that select the trypanosome transformants. Two independent SRA transformants were generated that contained complete lysis of the control occurred after only 3 hr. After 5 hr in the presence of undiluted NHS, the transeither a single or a few integrated copies of the construct (data not shown). As a control, the same targeting was formant trypanosomes were injected into mice, and results similar to those observed in the case of treatment performed with an identical construct, but lacking SRA. Cyclical transmission in tsetse flies allowed the generawith 5% NHS were obtained. In order to evaluate the resistance to NHS in vivo, the transformant trypanotion of bloodstream form transformants. Transcription of SRA was detected in these SRA transformants, with somes were injected into mice and when the parasitaemia reached about 10 6 parasites per milliliter (around a mRNA longer than the wild type (2.1 kb instead of 1.5 kb) due to the presence of the 3Ј-UTR and polyadenyladay 4), the animals were injected with 0. suggest that these problems are not due to the absence 
